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(54) Polishing composition and surface treating composition 



(57) A polishing composition for silicon wafers hav- 
ing a resistivity of at most 0.1 Cl-cm, comprising water, 
an abrasive and, as an additive, at least one compound 



selected from the group consisting of an alkali metal hy- 
droxide, an alkali metal cartsonate, an alkali metal hy- 
drogencarbonate, a quaternary ammonium salt, a per- 
oxide and a peroxo acid compound. 
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Description 

[0001] The present invention relates to a surface treating composition or a polishing connposition suitable for surface 
treatment of semiconductor wafers. More particularly, the present invention relates to a surface treating composition 
s or a polishing composition which has a high polishing removal rate and is capable of forming an extremely smooth 
surface by reducing formation of waviness in specular finish of low resistance silicon wafers containing a large amount 
of a dopant in the wafers and having a resistivity of at most 0.1 Q cm. 

[0002] In recent years, high performance semiconductor device chips to be used for high technology products in- 
cluding computers, have been developed for high integration and large capacity, and enlargement of the chip size due 

10 to the large capacity is now in progress. The demand for epitaxial wafers to be used for discrete semiconductors, 
bipolar IC, MOSIC and other high performance semiconductor devices, is increasing year after year And, miniaturi- 
zation in the design rule for semiconductor devices has been advanced year after year, whereby the focal depth in the 
process for producing devices has been shallow, and the precision of the finished surface required for wafers before 
forming into devices, has been increasingly strict. 

75 [0003] As parameters for the precision of the finished surface, various surface defects such as LPD, deposition of 
relatively large foreign matters, scratches, the surface roughness, the haze level and SSS (Sub-Surface Scratches, a 
type of fine scratches which are also called latent scratches), may, for example, be mentioned. 
[0004] LPD includes one attributable to fine foreign matters (hereinafter referred to as "particles") deposited on the 
wafer surface, and one attributable to COP (Crystal Originated Particles). The relatively large foreign matters deposited 

20 on wafers include a dried gel formed by drying of Ihe polishing composition and those attributable to other causes. 
[0005] If such LPD or relatively large foreign matters are present, pattern defects, break down voltage of insulators, 
failure in ion injection and deterioration of other device properties, are likely to be brought about, and the yield is likely 
to be low. Accordingly, wafers having such surface defects reduced, or a process for producing such wafers, is now 
being studied. 

2S [0006] Silicon wafers which are typical semiconductor substrates, are prepared by slicing a silicon single crystal ingot 
to obtain wafers, which are then subjected to rough polishing called lapping, for contour shaping. Then, a damaged 
layer formed on the wafer surface during the slicing or lapping step, is removed by etching, followed by polishing the 
wafer surface to a specular surface to obtain silicon wafers. This polishing usually comprises a plurality of polishing 
steps, specifically a stock removal polishing, a secondary polishing and a finish polishing (final polishing). Depending 

30 upon the process, the secondary polishing may be omitted, or a further polishing step nnay be added between the 
secondary polishing and the final polishing. — - - 

[0007] The above silicon single crystal ingot is one having a single crystal of silicon grown by CZ method or FZ 
method. FZ method has merits such that contamination by impurities is little, and a single crystal having a high resistivity 
can be grown, but it also has drawbacks such that it is difficult to enlarge the diameter or to control the resistivity and 

35 it has a peculiarity as a method for producing a single crystal. Accordingly, CZ method is mainly used at present. 
According to CZ method, a single crystal is grown in such a manner that growth of the single crystal is initiated by seed 
crystals having a predetermined orientation, at a center portion of the surface of a melt of silicon heated and melted 
in a quartz crucible in a sealed container having a reduced pressure argon gas atmosphere, and the single crystal is 
withdrawn as an ingot having a desired shape. 

40 [0008] It is usually possible to lower the resistivity of wafers, by incorporating antimony, arsenic, boron or other 
dopants in a larger amount than usual, into the above silicon melt. A wafer having a resistivity of at most 0.1 O-cm, is 
commonly called as a low resistance wafer The above mentioned epitaxial wafer is one having a thin film of a silicon 
single crystal (hereinafter referred to as "an epitaxial layer") free from crystal defects, grown on the surface of such a 
low resistance wafer, by a chemical or physical means. 

45 [0009] When the silicon single crystal is withdrawn in CZ method, the dopant substance In the silicon melt is likely 
to be relatively easily taken into the single crystal, and as the withdrawing advances, the dopant concentratton in the 
silicon melt decreases. Therefore, for the purpose of making the dopant concentration in the ingot constant, a suitable 
amount of a silicon melt or a dopant is supplemented to the quartz crucible during the withdrawing, but it is difficult to 
make the dopant concentration in the withdrawn ingot to be uniform. If an ingot obtained from the melt containing a 

so dopant by such a method, is sliced, nonuniformity in the dopant concentratbn is likely to appear concentrically. 

[0010] Heretofore, for polishing a usual low resistance wafer, it has been common to employ a polishing composition 
comprising water, silicon dioxide and a polishing accelerator such as an amine or ammonia. If this polishing composition 
is used for polishing a low resistance wafer having a high dopant concentration, concentric waviness (hereinafter 
referred to as 'dopant striation") corresponding to the nonuniformity in the dopant concentration may form on the wafer 

55 surface. Formation of such dopant striation is remarkable in the stock removal polishing where the polishing removal 
rate is high. In the secondary polishing or the final polishing which is carried out after the stock removal polishing, the 
polishing removal rate is usually low as compared with the stock removal polishing, and it is difficult to mend the 
waviness formed in the stock removal polishing by the secondary or subsequent polishing operation. Even if the amount 
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of the polishing accelerator used in the stock removat polishing is reduced for the purpose of reducing formation of 
such dopant striation. the effects for reducing the dopant striation is small, and another problem that the polishing 
removal rate lowers substantially, is likely to result. In the actual polishing process, the polishing composition may be 
used repeatedly by recycling, and if the composition may be repeatedly used by recycling in a state where the amount 

5 of an additive is reduced, there has been a problem that the polishing removal rale decreases substantially. 

[0011] On the other hand, the second and subsequent polishing operation, particularly the final polishing, is intended 
to smooth the wafer surface polished in the preceding step. Namely, in the second and subsequent polishing operation, 
it is important to be able to reduce the surface roughness and to prevent formation of microprotrusions, micropits and 
other fine surface defects, rather than to have a large ability to mend waviness or relatively, large surface defects as 

10 required in the stock removal polishing. Further, from the viewpoint of productivity, it is important that the polishing 
removal rate is high. As far as the present inventors are aware, in the conventional two step polishing, it has been 
possible to obtain a wafer surface having small surface roughness in the secondary polishing, but the polishing removal 
rate used to be very low and inadequate for practical production, and it has been difficult to prevent formation of mi- 
croprotrusions, micropits and other surface defects. 

15 [0012] Accordingly, it has been desired to develop a polishing composition or a surface treating composition which 
has a high polishing removal rate and which is capable of forming a very smooth polished surface without formation 
of dopant striation. in the polishing operation of low resistance wafers having a resistivity of at most 0.1 i'hcm. 
[001 3] The present invention has been made to solve the above problems, and it is an object of the present invention 
to provide a polishing composition which has a high polishing removal rate and which is capable of forming a very 

20 smooth polished surface without forming dopant striation, especially in polishing of low resistance wafers having a 
resistivity of at most 0,1 Q-cm, prepared by CZ method. It is a further object of the present invention to provide a surface 
treating composition which acts on the surface of the object to be treated before polishing, to reduce formation of 
dopant striation in the polishing and which is effective for cleaning the surface of the polished object. 
[0014] The present invention provides a polishing composition for silicon wafers having a resistivity of at most 0.1 

25 n-cm, comprising water, an abrasive and, as an additive, at least one compound selected from the group consisting 
of an alkali metal hydroxide, an alkali metal carbonate, an alkali metal hydrogencarbonate. a quaternary ammonium 
salt, a peroxide and a peroxo acid compound. 

[0015] Further, the present invention provides a surface treating composition for silicon wafers having a resistivity 
of at most 0. 1 Q-cm, comprising water and. as an additive, at least one compound selected from the group consisting 

30 of an alkali metal hydroxide, an alkali metal carbonate, an alkali metal hydrogencarbonate. a quaternary ammonium 
' salt, a peroxide and'an^erdxo'acid'compound: 
[0016] The polishing composition of the present invention is capable of forming a very smooth polished surface 
having no waviness in the polishing operation of low resistance silicon wafers having a resistivity of at most 0.1 Cl-cm, 
particularly those prepared by CZ method, and has a high polishing removal rate, and when it is used by recycling, 

35 decrease in the polishing removal rate is small. 

[0017] The surface treating composition of the present invention is employed before or after the polishing operation 
of low resistance silicon wafers having a resistivity of at most 0. 1 Q cm. whereby formation of waviness in the polishing 
treatment can be reduced, or the effect for surface cleaning after the polishing will be high. 
[0018] Now. the present invention will be described in detail with reference to the preferred embodiments. 

40 

Additive 

[0019] The surface treating composition or the polishing composition of the present invention comprises water and 
an additive. This additive accelerates the polishing action by a chemical action as a polishing accelerator in the polishing 
45 composition, and in the surface treating composition containing no abrasive, it provides an action for surface treatment 
prior to the polishing or an action to rinse the surface after the polishing. 
[0020] As such an additive, the following may be used. 

(a) An alkali metal hydroxide such as potassium hydroxide or sodium hydroxide, 
so (b) An alkali metal carbonate such as potassium carbonate or sodium carbonate, 

(c) An alkali metal hydrogencarbonate such as potassium hydrogencarbonate or sodium hydrogencarbonate. 

(d) A quaternary ammonium salt such as tetramethylammonium hydroxide, telraethylammonium hydroxide or 
totrabutylammonium hydroxide, 

(e) A peroxide such as hydrogen peroxide, sodium peroxide, potassium peroxide, lithium peroxide, calcium per- 
55 oxide or zirconium peroxide, and 

(f) A peroxo acid salt such as peroxodisulfuric acid, ammonium peroxodisulfate. potassium peroxodisulfate, sodium 
peroxodisulfate. peroxodiphosphoric acid, potassium peroxodiphosphate. potassium peroxocarbonate. sodium 
peroxoborate. magnesium peroxoborate or potassium peroxoborate. 
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[0021] Such an additive is required to be dissolved in the composition. These additives may be used in combination 
in optional proportions within a range not impair the effects of the present invention. The content of such an additive 
in the composition of the present invention, varies depending upon the type of the compound used or the purpose of 
the composition, but it is usually from 0.001 to 50 wt%. based on the total weight of the composition. 

5 [0022] When the composition of the present invention is used for slock removal polishing, the concentration of the 
additive is preferably set at a relatively high level. Especially when the additive is an alkali metal hydroxide: carbonate 
or hydrogencarbonate. it is preferably from 0.001 to 30 wt%, more preferably from 0.01 to 5 wt%, most preferably from 
0.05 to 3 wt%. When the additive is a quaternary ammonium salt, it is preferably from 0.05 to 15 wt%, more preferably 
from 0.1 to 10 wt%, most preferably from 0.5 to 5 wt%. When the additive is a peroxide, it Is preferably from 0.01 to 

10 50 wt%, more preferably from 0.1 to 30 wt%. most preferably from 0.5 to 25 wl%. When the additive is a peroxo acid 
salt, it is preferably from 0.01 to 50 wt%, more preferably from 0.1 to 30 wt%, most preferably from 0.5 to 25 wt%. 
[0023] On the other hand, when the composition of the present invention is used for a second or subsequent polishing 
operation, especially for final polishing, the additive is preferably in a low concentratbn. Especially when the additive 
is an alkali metal hydroxide, carbonate or hydrogencarbonate, it is preferably from 0.001 to 30 wt%, more preferably 

IS from 0.01 to 5 wt%. most preferably from 0.05 to 3 wt%. When the additive Is a quaternary ammonium salt, it is preferably 
from 0.005 to 15 wt7o. more preferably from 0.01 to 10 wt%. most preferably from 0.05 to 5 wt%. When the additive is 
a peroxide, it is preferably from 0.001 to 50 wt%. more preferably from 0.01 to 30 wt7o, most preferably from 0.05 to 
25 wt%. When the additive is a peroxo acid salt, it is preferably from 0.001 to 50 wt7o, more preferably from 0.01 to 30 
wt%. most preferably from 0.05 to 25 wl%. 

20 [0024] When such an additive is used for a polishing composition, there is a tendency that as the amount increases, 
the polishing removal rate becomes high, and when it is used repeatedly by recycling, decrease of the polishing removal 
rate becomes small. However, if the amount is excessively large, the chemical action as a polishing composition tends 
to be too strong, whereby a surface defect such as surface roughening of the wafer surface due to a strong etching 
action, is likely to result, or the dispersion stability of abrasive grains is likely to be lost, whereby precipitates may form. 

2S On the other hand, if the amount is too small, the polishing removal rate tends to be low, and it takes a long time for 
polishing operation, whereby the productivity decreases, such being not practical. Especially when fumed silica is used 
as the abrasive, gelation is likely to take place in the polishing composition, and the dispersion stability tends to be 
poor, and the viscosity of the composition tends to be so high that the handling will be difficult. 

[0025] When a surface treating composition containing such an additive is used for rinsing treatment after the pol- 
30 ishing treatment, removal of the residue on the surface or removal of the dried polishing composition will be facilitated. 

Water-soluble polymer 

[0026] The composition of the present invention may contain a water-soluble polymer. Especially when the compo- 

3S sition of the present invention is used tor a second or subsequent polishing operation, particularly for final polishing, 
it is preferred that the composition contains a water-soluble polymer. The wafer surface Immediately after polishing 
has hydrophobicity, and when the polishing composition, dust in air or other foreign matters are deposited on the wafer 
surface in such a state, the abrasive in the composition or the foreign matters will be dried and solidified to firmly fix 
on the wafer surface, thus causing deposition of particles on the wafer surface. Whereas, in the polishing composition 

40 of the present invention, the water-soluble polymer has a function to provide hydrophilicity on the wafer surface so that 
the wafer surface will not dry up in a short period of time from the completion of the polishing to the subsequent step 
of cleaning. The water-soluble polymer to be used, is required to be dissolved in the composition. The water-soluble 
polymer to be used is not particularly limited so long as it does not impair the effects of the present invention. However, 
it is usually a polymer having hydrophllic groups and having a molecular weight of at least 100,000. preferably at least 

•*s 1,000,000. Here, the hydrophllic groups may. for example, be hydroxyl groups, carboxyl groups, carboxylic acid ester 
groups, sulfonic groups and others. Specifically, such a water-soluble polymer Is preferably at least one member se- 
lected from a cellulose derivative and polyvinyl alcohol. The cellulose derivative is preferably at least one member 
selected from the group consisting of carboxymelhyl cellulose, hydroxyelhyl cellulose, hydroxypropyl cellulose, melhyl 
cellulose, ethyl cellulose, ethylhydroxyethyl cellulose and carboxym ethyl ethyl cellulose. Particularly preferred is hy- 

so droxyethyl cellulose. These water-soluble polymers may be used in combination in an optional ratio. 

[0027^ The content of the water-soluble polymer in the polishing composition of the present invention varies depend- 
ing upon the type of the water-soluble polymer used or the types or contents of other components in the composition. 
However, it is usually preferably from 0.001 to 10 wt%. more preferably from 0.003 to 3 wt%, particularly preferably 
from 0.005 to 0.3 wt%, based on the total amount of the polishing composition. Xf the amount of the water-soluble 

55 polymer exceeds the above range substantially, the viscosity of the composition will be too high, and dischargeability 
of the waste liquid of the composition from the polishing pad tends to be poor. On the other hand, if the amount is too 
small, the hydrophilicity of the wafer after polishing tends to be poor, and particles are likely to deposit. 
[0028] Further, the solubility of the water-soluble polymer in the composition varies depending upon the contents of 



4 



30OCID: <EP_0967a60Al J_> 



EP 0 967 260 A1 

other components. Accordingly, even if the amount of the water-soluble polymer is within the above range, it may 
happen that the polymer is not completely dissolved or the water-soluble component once dissolved may precipitate. 
Such a precipitate may agglomerate with e.g. abrasive particles, whereby the handling efficiency tends to deteriorate. 
Accordingly, due care is required. 

5 

Abrasive 

[0029] The polishing composition of the present invention contains an abrasive in addition to the above additive. As 
the abrasive, an optional one may be employed within a range not to impair the effects of the present invention. However. 
10 it is preferred to use silicon dioxide. 

[0030] The polishing composition of the present invention is considered to have a mechanical polishing action by 
the abrasive and a polishing or polishing assisting action by a chemical action of the additive. 

[0031] The silicon dioxide includes many types which are different in the properties or in the processes for their 
production. Among them, silicon dioxide which is preferably used for the polishing composition of the present invention 

IS is, for example, colloidal silica, fumed silica or precipitated silica. 

[0032] Among them, colloidal silica is produced usually by particle growth of ultra-fine colloidal silica obtained by ion 
exchange of sodium silicate, or by hydrolysis of an alkoxysilane with an acid or alkali. Colloidal silica produced by such 
a wet method, is usually obtained in the form of a slurry as dispersed in water in the state of primary particles or 
secondary particles. Such colloidal silica is commercially available, for example, under a tradename of SPHERICA 

20 Slurry from Catalysts & Chemicals Ind. Co.. Ltd. 

[0033] In the present invention, when colloidal silica is employed, one produced by the above mentioned method 
may usually be employed. However, in the polishing operation of a semiconductor substrate, metal impurities are 
undesirable in many cases, and it is preferred to employ highly pure colloidal silica. Such highly pure colloidal silica 
can be produced by heat decomposition of an organic silicon compound in a wet system and has a characteristic that 

2S metal impurities are extremely little, and it is relatively stable even in a neutral region. 

[0034] Fumed silica is one produced by combustion of silicon tetrachloride and hydrogen. Such fumed silica produced 
by a gas phase method is in the form of secondary particles having a chain structure wherein a few or a few tens 
primary particles get together and has a characteristic that the content of metal impurities is relatively small. Such 
fumed silica is commercially available, for example, under a tradename of Aerosil from Nippon Aerosil Co., Ltd. 

30 [0035] Precipitated silica is water-containing amorphous silicon dioxide produced by reacting sodium silicate with 
an acid. Such precipitated silica produced by a wet system is in the form of bulky particles having spherical primary 
particles agglomerated like grapes and has a characteristic that the specific surface area and the pore volume are 
relatively large. Such precipitated silica is commercially available, for example, under a tradename of Carplex from 
Shionogi & Co. 

35 [0036] These silicon dioxides may be used in combination in an optional ratio, as the case requires. 

[0037] The silicon dioxide serves to polish the surface to be polished by a mechanical action as abrasive grains. The 
average particles size of the silicon dioxide to be used for the polishing composition of the present invention is usually 
from 10 to 3,000 nm as an average secondary particle size obtained from the value measured by a light scattering 
method. Particulariy. in the case of colloidal silica, the average particle size is preferably from 10 to 1,000 nm, more 

40 preferably from 15 to 500 nm, most preferably from 20 to 300 nm. In the case of fumed silica, it is preferably from 50 
to300nm. more preferably from 100 to 300 nm, most preferably from 150 to 300 nm. Likewise, in the case of precipitated 
silica, it is preferably from 1 00 to 3.000 nm. more preferably from 200 to 2,500 nm, most preferably from 300 to 2,000 nm. 
[0038] With the polishing composition of the present invention, if the average particle size of silicon dioxide exceeds 
the above mentioned range, dispersion of abrasive grains tends to be hardly maintained, whereby there will be problems 

45 such that the stability of the composition deteriorates, abrasive grains tend to precipitate, scratches are likely to form 
at the polished wafer surface. On the other hand, if It is smaller than the above range, the polishing removal rate tends 
to be extremely low, and it will take a long time for processing, and the productivity tends to be too low to be practical. 
[0039] The content of the abrasive in Ihe polishing composition is usually from 0.01 to 50 wt%. preferably from 0.05 
to 30 wt%. more preferably from 0.1 to 20 wt%. based on the total amount of the composition. If the content of the 

50 abrasive is too small, the polishing removal rate will be tow, and it will take a long time for processing, whereby the 
productivity will be too low to be practical. On the other hand, if it is too large, uniform dispersion tends to be hardly 
maintained, and the viscosity of the composition tends to be excessive, whereby the handling tends to be difficult. 

Surface treating composition and polishing composition 

55 

[0040] The composition of the present invention is prepared usually by mixing each of the above described compo- 
nents, i.e. the additive in the case of a surface treating composition, or the abrasive and the additive in the case of a 
polishing composition, in a desired content in water to disperse or dissolve it. The method for dispersing or dissolving 
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these components in water is optional. For example, they may be dispersed by stirring by means of a vane type stirrer 
or by ultrasonic dispersion. Further, the mixing order of these components is optional. Namely in the case of the 
polishing composition, either dispersion of the abrasive or dissolution of the additive may be carried out first, or both 
may be carried out simultaneously. 
5 [0041] Further, at the. time of preparing the above described polishing composition, various known additives may 
further be incorporated, as the case requires, for the purpose of maintaining or stabilizing the quality of the product or 
depending upon the type of the object to be polished, the polishing condition and other necessities for polish processing. 
As such further additives, the following may be mentioned. 

10 (a) Water-soluble alcohols, such as elhanol, propanol. ethylene glycol, etc. 

(b) Surfactants such as sodium alkylbenzenesulfonate. a condensate of naphthalenesulfonic acid with formalin, etc. 

(c) Organic polyanionic substances, such as a lignin sulfonate, a polyacrylate, etc. 

(d) Chelating agents, such as dimethylglyoxime. dithizone. oxine, acetylacetone. glycine, EDTA. NTA, etc. 
(g) Fungicides, such as sodium alginate, potassium hydrogencarbonate, etc. 

IS 

[0042] Further, the above abrasive or additive which is suitable for use in the polishing composition of the present 
invention, may be used as an auxiliary additive for a purpose other than the above mentioned purposes, for example, 
for preventing precipitation of the abrasive. 

[0043] The polishing composition of the present invention can be prepared, stored or transported in the form of a 

20 Slock liquid having a relatively high concentration, and can be used as diluted at the lime of actual polishing operation. 
The above-mentioned preferred range of concentration is one for the actual polishing operation, and if a method of 
diluting the composition at the time of actual use is adopted, needless to say, the composition is a solution having a 
higher concentration during the storage or transportation. Further, from the viewpoint of handling efficiency, the com- 
position is preferably prepared in such a concentrated form. 

25 [0044] Further, the solubility of each component in the composition varies depending upon the types or contents of 
other components. Therefore, even if the amount of each component is set within the above mentioned preferred 
range, it may happen that not all components will be uniformly dissolved or dispersed, or components once dissolved 
may again precipitate. In a case where any one of components in the composition has agglomerated or a component 
which should be dissolved, has precipitated, there will be no problem if it can be dispersed or dissolved again. Never- 

30 theless. an additional operation will be required. Accordingly, the composition of the present invention is preferably in 
a uniformly dissolved or dispersed state not only at the time of its use but also in the state concentrated as described 
above. Specifically, in a polishing composition comprising colloidal silica as the abrasive, tetramethylammonium. hy- 
droxide (TMAH) as the additive and a hydroxyethyl cellulose (HEC) having a molecular weight of 1.3 x 10^ as the 
water-soluble polymer, it is preferred that when the content of HEC is 0.25 wt%, the concentration of TMAH is from 

35 0.001 to 0.3 wt7o, whereby the composition Is stable and free from a problem such as gelation. 

[0045] The reason as to why the dopant striation scarcely forms with the polishing composition of the present inven- 
tion as compared with conventional polishing compositions containing an amine or ammonia, is not clearly understood. 
However, It may be that the polishing composition of the present invention provides a certain chemical action irrespec- 
tive of the concentration of the dopant in the wafer. It is considered that the surface treating composition of the present 

40 Invention will also provide the same action when it is applied to the wafer before polishing. Further, when it is applied 
to rinsing of the wafer after polishing, It is considered to provide a chemical action against shavings containing a dopant 
to enhance the cleaning effect. 

[0046] Now, the present Invention will be described in further detail with reference to Examples for the polishing 
composition of the present invention. However, it should be understood that the present invention is by no means 
45 restricted to such specific Examples. 

Stock removal polishing test 

Preparation of polishing compositions 

so 

[0047] Firstly, as an abrasive, colloidal silica (primary particle size: 35 nm, secondary particle size: 70 nm) was 
dispersed in water by means of a stirrer to obtain a slurry having an abrasive concentration of 2 wt%. Then, this slurry 
was divided, and the additives as identified in Table 1 were added to obtain tost samples of Examples 1 to 1 3 and 
Comparative Examples 1 to 4, as polishing compositions. 

55 

Polishing test 

[0048] The polishing test was carried out under the following conditions. 
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Polishing conditions 

[0049] Polishing machine: One side polishing machine 
(surface plate diameter: 81 0 mm), four heads 
5 [0050] Object to be polished: Three 5-inch silicon wafers were substantially equally bonded to a ceramic plate having 
a diameter of 300 mm (resistivity: 0.01 n-cm. crystal orientation P<100>). 

Pressure: 350 g/cm^ 

Rotational speed of surface plate: 87 rpm 
10 Polishing pad: BELLATRIX KOOl 3 (manufactured by Kanebo Ltd.) 

Amount of polishing composition supplied: 6.000 cc/min (used by recycling) 
Polishing time: 20 minutes 

[0051] After polishing, the wafers were sequentially washed and dried, and with respect to a total of twelve wafers, 
IS the changes in the thicknesses of the wafers due to polishing were obtained by using a micrometer, and an average 
of these values was used as the substitute value tor the polishing removal rate. 

[0052] Then, using a shadow graph (LX-230B. manufactured by Mizojiri Optical Co., Ltd.), light was irradiated on 
the wafer surface in a dark room, and the shadow projected on a screen was inspected to evaluate formation of dopant 
striation. The evaluation standards were as follows. 

20 

(g): No dopant striation were observed. 

O: No substantial dopant striation were observed, and the striations were of a nonproblematic level, 
x: Dopant striation were observed at a problematic level. 

2S [0053] Further, by using WYKO TOPO-3D objective lens (manufactured by WYKO Corporation. USA) (1 .5 magnifi- 
cations), the surface roughness: Ra of the wafers after polishing was measured. 
[0054] The obtained results were as shown in Table 1 . 



Table 1 



35 



40 



45 





Additive 


Polishing removal 
rate (nm/20 minutes) 


Surface state 


Surface roughness Ra 
(nm) 


Type* 


Amount (per liter) 


Ex. 1 


KOH 


0.1 9 


9.0 


O 


0.9 


Ex. 2 


KOH 


0.5 9 


10.7 


® 


0.9 


Ex.3 


KOH 


2.0 9 


13.2 




1.0 


Ex.4 


KOH 


4.0 9 


13.7 




1.1 


Ex. 5 


NaOH 


ai g 


10.6 


o 


0.9 


Ex.6 


NaOH 


2.0 g 


12.7 


® 


1.0 


Ex.7 


KC 


Ol g 


10.0 


o 


0.9 


Ex.8 


KC 


5.0 9 


10.4 


o 


09 


Ex. 9 


TMAH 


2.0 cc 


10.7 


o 


1.0 


Ex. 10 


TMAH 


7.5 CC 


11.9 


O 


0.9 


Ex. 11 


TMAH 


10 CC 


12.6 


® 


0,9 


Ex. 12 


TMAH 


15 cc 


13.7 


® 


0.9 



* KOH: potassium hydroxide 
NaOH: sodium hydroxide 
KC : potassium carbonate 

TMAH: tetramethylammonium hydroxide 3.6% solution 

H2O2: aqueous hydrogen peroxide solution 30% 

MEA: monoethanolamine 

AEEA: N-(t5-aminoelhyl)ethanolamine 

PIZ: piperazine hexahydrate 
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Table 1 (continued) 





Additive 


Polishing removal 
rate (pm/20 minutes) 


Surface state 


Surface roughness Ra 
(nm) 


Type* 


Amount (per liter) 


Ex. 13 


TMAH 


40 cc 


14.6 


® 


1.0 


Ex. 14 


H2O2 


1.5 cc 


6.0 


0 


0.9 


Ex. 15 


H2O2 


4.5 cc 


69 


® 


0.9 


Comp. Ex. 1 






4.0 


X 


1.5 


Connp. Ex. 2 


ME A 


4.0 g 


10.2 


X 


1.9 


Comp. Ex. 3 


AEEA 


4.0 g 


11.3 


X 


2.0 


Comp. Ex. 4 


PIZ 


4.0 g 


13.5 


X 


1.9 



* KOH: potassium hydroxide 
NaOH: sodium hydroxide 
KC: potassium carbonate 

TMAH: tetramethylammonlum hydroxide 3.6% solution 

H2O2: aqueous hydrogen peroxide solution 30% 

MEA: monoethanolamine 

AEEA: N-(p-aminoethyt)ethanolamine 

PiZ: piperazine hexahydrate 



[0055] From the results shown in Table 1 , it is evident that with the polishing compositions of the present invention, 
25 the polishing removal rate is high in the polishing operation ot low resistance silicon wafers, and it is possible to obtain 
a very smooth polished surface with little formation of dopant striation. 

Final polishinQ test 

30 Preparation of polishing compositions 

[0056] Firstly, as an abrasive, colloidal silica (primary particle size: 35 nm. secondary particle size: 70 nm) was 
dispersed in water by means of a stirrer to obtain a sluny having an abrasive concentration as identified in Table 2. 
Then, this slurry was divided, and the additives as identified in Table 2 were added, and thereafter, a water-soluble 
35 polymer as identified in Table 2 was added to obtain test samples of Examples 16 to 30 and Comparative Examples 
5 to 7 as polishing compositions. 

Polishing test 

40 [0057] The polishing test was carried out under the following conditions. 
Polishing conditions 
[0058] 

45 

Polishing machine: One side polishing machine 
(surface plate diameter: 810 mm), four heads 
Object to be polished: Polished wafer of Example 10 
(surface roughness: Ra = 0.9 nm) 
so Pressure: 100 g/cm^ 

Rotational speed of surface plate: 60 rpm 

Polishing pad: Surfin 000 (manufactured by FUJIMI INCORPORATED) 
Amount of polishing composition supplied: 200 cc/min 
Polishing time: 10 minutes 

55 

[0059] The state of the wafer surface after polishing was evaluated in the same manner as described above. The 
obtained results were as shown in Table 2. 
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55 [0060] From the results shown in Table 2, it is evident that with the polishing compositions of the present invention, 
it is possible to obtain a very smooth polished surface with little formation of dopant strialion in the polishing operation 
of low resistance silicon wafers. 

[0061] As described in the foregoing, the polishing composition of the present invention is capable of forming a very 
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smooth polished surface free from wavrness and presents a high polishing removal rate and little decrease in the 
polishing removal rale even when used by recycling, in the polishing operation of low resistance silicon wafers having 
a resistivity of at nnost 0.1 li-cm. and the surface treating composition of the present invention is useful before and 
after the polishing operation of low resistance silicon wafers, to reduce formation of waviness in the polishing treatment, 
s or to be highly effective in surface cleaning after the polishing. 



Claims 

10 1. A polishing composition for silicon wafers having a resistivity of at most 0.1 Q-cm, comprising water, an abrasive 
and, as an additive, at least one compound selected from the group consisting of an alkali metal hydroxide, an 
alkali metal carbonate, an alkali metal hydrogencarbonate. a quaternary ammonium salt, a peroxide and a peroxo 
acid compound. 

IS 2. The polishing composition according to Claim 1 , wherein the abrasive is silicon dioxide. 

3. The polishing composition according to Claim 2, wherein the silicon dioxide is at least one member selected from 
the group consisting of colloidal silica, fumed silica and precipitated silica. 

20 4. The polishing composition according to any one of Claims 1 to 3, wherein the additive is at least one member 
selected from the group consisting of potassium hydroxide, sodium hydroxide, potassium carbonate, sodium car- 
bonate, potassium hydrogencarbonate. sodium hydrogencarbonate. tetramethylammonium hydroxide, tetraethy- 
lammonium hydroxide, tetrabutylammonium hydroxide, hydrogen peroxide, sodium peroxide, potassium peroxide, 
lithium peroxide, calcium peroxide, zirconium peroxide, peroxodisulfuric acid, ammonium peroxodisulfate, potas- 

25 sium peroxodisulfate, sodium peroxodisulfate, peroxodlphosphoric acid, potassium peroxodlphosphate. potassium 

peroxocarbonate, sodium peroxocarbonate, sodium peroxoborate, magnesium peroxoborate and potassium per- 
oxoborate. 

5. The polishing composition according to any one of Claims 1 to 4. wherein the content off the additive is from 0.001 
30 to 50 wt%. based on the total weight of the polishing composition. 

6. The polishing composition according to any one of Claims 1 to 5. wherein the content of the abrasive Is from 0.01 
to 50 wt%, based on the total weight of the polishing composition. 

35 7. The polishing composition according to any one of Claims 1 to 6, which further contains a water-soluble polymer. 

8. The polishing composition according to Claim 7, wherein the content of the water-soluble polymer is from 0.001 
to 1 0 wt%, based on the total weight of the polishing composition. 

40 9. A surface treating composition for silicon wafers having a resistivity of at most 0.1 fi»-cm, comprising water and. 

as an additive, at least one compound selected from the group consisting of an alkali metal hydroxide, an alkali 
metal carbonate, an alkali metal hydrogencarbonate. a quaternary ammonium salt, a peroxide and a peroxo acid 
compound. 

45 10. The surface treating composition according to Claim 9. wherein the additive Is at least one member selected from 
the group consisting of potassium hydroxide, sodium hydroxide, potassium carbonate, sodium carbonate, potas- 
sium hydrogencarbonate, sodium hydrogencarbonate, tetramethylammonium hydroxide, tetraethylammonium hy- 
droxide, tetrabulylammonium hydroxide, hydrogen peroxide, sodium peroxide, potassium peroxide, lithium perox- 
ide, calcium peroxide, zirconium peroxide, peroxodisulfuric acid, ammonium peroxodisulfate. potassium peroxo- 

50 disulfale. sodium peroxodisulfate. peroxodlphosphoric acid, potassium peroxodlphosphate, potassium peroxocar- 

bonate. sodium peroxocarbonate. sodium peroxoborate, magnesium peroxoborate and potassium peroxoborate. 

11. The surface treating composition according to Claim 9 or 10. wherein the content of the additive is from 0.001 to 
50 wt%. based on the total weight of the surface treating composition. 

55 

12. The surface treating composition according to any one of Claims 9 to 11. which further contains a water-soluble 
polymer. 
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13. Use of the polishing composition or surface treating composition of any one of claims 1 to 12. for polishing or 
surface treating a silicon wafer 

14. A method for polishing a silicon wafer, wherein the polishing composition as defined in any one of Claims 1 to 8 
s is used as a composition for polishing the silicon wafer 
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